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(57) Abstract 

A nonwoven web having durable hydrophilic properties is prepared from an initially hydrophobic polymer chemically reacted with 
a polar material to form a polar-modified polymer, and further chemically reacted with a hydrophilic material to impart the hydrophilic 
properties. The hydrophilic polymer reaction product thus prepared can be formed into a nonwoven web using conventional melt spinning 
techniques. Alternatively, a nonwoven web can be formed from the hydrophobic polymer or its polar-modified intermediate, and the 
remaining reaction or reactions accomplished by surface grafting. 
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NONWOVEN POLYOLEFIN FABRICS 
HAVING ENHANCED HYDROPHILICITY 

FIELD OF THE INVENTION 

This invention relates to chemically modified polyolefin-based nonwoven 
fabrics having enhanced hydrophilic properties. 

BACKGROUND OF THE INVENTION 

Maleated polyolefms (including, for instance, maleated polypropylene and 
maleated polyethylene) are typically hydrophobic. These resins are commonly used as 
compatibilizers and/or adhesives between polar materials, such as nylon or ethylene vinyl 
alcohol, and polyolefms. Typically, an anhydride such as maleic anhydride is chemically 
reacted (i.e., grafted) onto the poiyolefin backbone chain using heat and/or a catalyst. When 
exposed to a polar material in the presence of heat, the grafted poiyolefin forms a chemical 
linkage to the polar material resulting in bonding and compatibilization. 

Some uses for maleated polyolefms are disclosed in U.S. Patent 5,721,315, 
issued to Evans et al These uses include engineering plastics which are materials for 
structural members in the fields of transport machines (automobiles, ships and the like), 
tools, appliances, sporting goods, leisure goods, connectors, and tubes. 

One use of polyolefms is in the manufacture of nonwoven fibrous webs for 
various applications. Nonwoven webs can include spunbond webs, meltblown webs, and 
bonded carded webs, for instance, and laminates of them. These webs are used in a wide 
variety of absorbent materials and apparel including diapers, tampons, medical garments, 
surgical gloves, caps, aprons, and sterilization wraps. When used in absorbent materials, the 
nonwoven webs may form part of the topsheet, backing or similar structural material and a 
breathable film laminated to the web may provide liquid barrier and moisture vapor 
transmission. When used in medical apparel, specific laminates of nonwoven webs may 
provide structural integrity and breathability as well as barrier to liquids, bacteria and viruses. 

Polyolefms used to make nonwoven webs are typically hydrophobic. When 
a nonwoven web is intended to transmit or channel liquid, such as in a topsheet of an 
absorbent structure, the hydrophobic nature of the material may act as a hindrance. Various 
surface treatments of nonwoven webs are known for improving their hydrophilicity, 
rendering them more wettable to aqueous liquids. These surface treatments have certain 
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disadvantages, including a potential to leave the nonwoven web and escape to the wearer's 
skin or the inner core of the absorbent article. There is a need or desire for a polyolefm- 
based nonwoven web having hydrophilic properties which are more permanent, and which 
does not require the use of mobile surfactants. 

SUMMARY OF THE INVENTION 
The present invention is directed to a fibrous nonwoven web having a 
chemically imposed hydrophilic surface. "Chemically imposed" means that the hydrophilic 
surface is formed by chemical reaction and linkage between a hydrophilic moiety and an 
initially hydrophobic nonwoven fabric-forming material. The chemical reaction and linkage 
of the hydrophilic moiety is distinguishable from prior art methods in which a nonwoven 
fabric is rendered hydrophilic by surface coating of a hydrophilic compound, or by merely 
blending (and not reacting) a hydrophilic compound with a nonwoven fabric-forming 
polymer. The chemical reaction and linkage of the hydrophilic moiety to the nonwoven 
fabric material causes hydrophilic properties which are more permanent, and less transitory, 
than would occur without the chemical reaction. 

The starting material for the invention is a hydrophopie fibrous nonwoven 
web, or a hydrophobic nonwoven web-forming polymer material. The nonwoven web, or 
the web-forming material, is chemically reacted with an anhydride and/or its carboxylic acid 
derivative to form an intermediate hydrophopie material having a polar functionality. The 
intermediate material is then further reacted with a hydrophilic compound having a reactive 
* aakty. Su ' h as • hydroxylor. amino .group,;that forms a chemical HvJcage with the polar 
functionality. 

The resulting product is either a hydrophilic fibrous nonwoven web, or a 
hydrophilic polymer material that can be spun into a fibrous nonwoven web. The web or 
web-forming material possesses all the desirable properties of the underlying polymeric base 
material, except for the hydrophilic addition. The chemically imposed hydrophilicity is 
durable, meaning that it cannot be washed off or otherwise physically removed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plot showing the effect of different reaction-inducing levels of an 
anhydride and a polyglycol on the water contact angle of a polyolefin. Lower water contact 
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angles, measured by ASTM D-5946-96, indicate a more hydrophilic material. In Fig. 1 , the 
polyglycol level is varied at three fixed levels of maleic anhydride. 

Fig. 2 is another plot showing the effect of different reaction-inducing levels 
of an anhydride and a polyglycol on the water contact angle of a polyolefin. In Fig. 2, the 
maleic anhydride level is varied for three fixed levels of polyglycol. 

Fig. 3 is a plot showing the effect of different reaction-inducing levels of a 
polyglycol having three different weight average molecular weights, at a constant level of 
maleic anhydride, on the water contact angle of a polyolefin. 

Fig. 4 is a plot showing the effect of different reaction-inducing levels of a 
polyglycol on the water contact angle of two polypropylene materials reacted with different 

levels of maleic anhydride. 

Fig. 5 is a bar graph showing the water contact angles of polyolefins reacted 
using three different levels of a polyglycol, and three different levels of maleic anhydride, 
before and after washing with distilled water. 

Fig. 6 is a plot showing the reaction reproducibility as reflected in water 
contact angles for a maleated polyolefin further reacted with different levels of a polyglycol. 

Fig. 7 and 8 are plots showing the water contact angles achieved after 
reaction of different levels of two polyglycol materials with the same maleated 
polypropylene. 

DEFINITIONS 

(... ; c.: ; .-;V^^ 

threads which are interlaid, but not in an identifiable, repeating manner. Nonwoven webs 
have been, in the past, formed by a variety of processes such as, for example, melt-blowing 
processes, spunbonding processes and bonded carded web processes. 

"Meltblown fibers" means fibers formed by extruding a molten thermoplastic 
material through a plurality of fine, usually circular, die capillaries as molten threads or 
filaments into a high velocity gas (e.g., air) stream which attenuates the filaments of molten 
thermoplastic material to reduce their diameter, possibly to microfiber diameter. Thereafter, 
the meltblown fibers are carried by the high velocity gas stream and are deposited on a 
collecting surface to form a web of randomly disbursed meltblown fibers. Such a process 
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is disclosed, for example, in U.S. Patent 3,849,241 to Butin, the disclosure of which is hereby 
incorporated by reference. 

"Microfibers" means small diameters fibers having an average diameter not 
greater than about 100 microns, for example, having an average diameter of from about 0.5 
microns to about 50 microns, or more particularly, an average diameter of from about 4 
microns to about 40 microns. 

"Spunbond fibers" refers to small diameter fibers which are formed by 
extruding a molten thermoplastic material as filaments from a plurality of fine, usually 
circular, capillaries of a spinnerette with the diameter of the extruded filaments then being 
rabidly reduced as by, for example, eductive drawing or other well-known spunbonding 
mechanisms. The production of spunbonded nonwoven webs is illustrated in patents such 
as, for example, in U.S. Patent 3,802,817 to Matsuki et al. and U.S. Patent 5,382,400 to Pike 
et al. The disclosures of these patents are hereby incorporated by reference. 

"Polymer" generally includes, but is not limited to, homopolymers, 
copolymers, such as, for example, block, graft, random and alternating copolymers, 
terpolymers, etc. and blends and modifications thereof. Furthermore, the term "polymer" 
shall include all possible geometrical configurations of the material. These configurations 
include, but are not limited to, isotactic, syndiotactic and random symmetries. 

"Bicomponent fibers" refers to fibers which have been formed from at least 
two polymers extruded from separate extruders but spun together to form one fiber. The 
pulymers are aiiangcd in substantially consisiuiy positioned distinct zon*s ?Cu.s> the re- 
section of the bicomponent fibers and extend continuously along the length of the 
bicomponent fibers. The configuration of such a bicomponent fiber may be, for example, 
a sheath/core arrangement wherein one polymer is surrounded by another or may be a side- 
by-side arrangement or an "islands~in-the-sea" arrangement. Bicomponent fibers are taught 
in U.S. Patent 5,108,820 to Kaneko et al., U.S. Patent 5,336,552 to Strack et al., and 
European Patent 0586924. For two component fibers, the polymers may be present in ratios 
of 75/25, 50/50, 25/75 or any other desired ratios. 

"Biconstituent fibers" refers to fibers which have been formed from at least 
two polymers extruded from the same extruder as a blend. The term "blend" is defined 
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below. Biconstituent fibers do not have the various polymer components arranged in 
relatively constantly positioned distinct zones across the cross-sectional area of the fiber. 
The various polymers are usually not continuous along the entire length of the fiber, but are 
instead in the form of fibrils which start and end at random. Biconstituent fibers are 
sometimes also referred to as multiconstituent fibers. Fibers of this general type are 
discussed in, for example, U.S. Patent 5,108,827 to Gessner. Bicomponent and biconstituent 
fibers are also discussed in the textbook Polymer Blends and Composites by John A. Manson 
and Leslie H. Sperling, copyright 1976 by Plenum Press, a division of Plenum Publishing 
Corporation of New York, IBSN 0-306-30831-2, at pages 273 through 277. 

"Blend" means a mixture of two ormore polymers^hileMterm/.'alloy" 
means a sub-class of blends wherein the components are immiscible but have been 
compatibilized. "Miscibility" and "immiscibility" are defined as blends having negative and 
positive values, respectively, for the free energy of mixing. Further, "compatibilization" is 
defined as the process of modifying the interfacial properties of an immiscible polymer blend 

in order to make an alloy. _ 
"Hydrophilic" refers to a surface or material that has an affinity for water, and 

iswettablebywater. Some hydrophilic materials are capable of absorbing water, dissolving 

in water, and/or swelling. A hydrophilic material should have a water contact angle of about 

80 degrees or less, measured by ASTM D5946-96. 

"Hydrophobic" refers to a surface or material that is poorly wetted by water, 

• '•• ■■ • . ; ; : . -' ; „_ j - v->tf»r • A Wdrr«nVirkl>ir. materia! rnfvv have 

has iittle or no affmriy for water, ana ienu» to .*pt» v,«.er. . . ~, o. -p, .. ? ... .-. -'^m.^, 
a water contact angle of at least 80 degrees, sometimes 90 degrees or more. 

"Chemically imposed hydrophilic surface" refers to a hydrophilic surface 
formed by chemical reaction between a hydrophilic moiety arid an initially hydrophobic 
nonwoven web or web-forming polymer. Chemically imposed hydrophilic surfaces are 
generally durable, meaning that the surfaces remain hydrophilic after washing with distilled 
water. 

"Consisting essentially of does not exclude the presence of additional 
materials which do not significantly affect the desired characteristics of a given composition 
or product. Examples of such materials include, without limitations, pigments, antioxidants, 
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stabilizers, surfactants, waxes, flow promoters, particulates and materials added to enhance 
processability of the composition. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

The starting material for the invention is a fibrous nonwoven web or web- 
forming material which is hydrophobic. The starting material includes a hydrophobic 
polymer. Exemplary hydrophobic polymers include without limitation, polypropylene, 
polyethylene (high and low density), ethylene copolymers with C 3 -C 20 a-olefins, propylene 
copolymers with ethylene or C 4 -C 20 a-olefins, butene copolymers with ethylene, propylene, 
or rv r\, ':<-o!Hfas, polyvinyl chloride, polyesters, polyfluorocarbons, hydrophobic 
polyurethane, polystyrene, acrylic resins, and combinations thereof. Polyolefins are 
preferred, including polyethylenes, polypropylenes, copolymers thereof, and blends thereof. 

The nonwoven web may be any type of thermoplastic nonwoven web. For 
instance, the web may be a spunbonded web, a meltblown web, a bonded carded web, or a 
combination including any of the foregoing. The nonwoven web may also be a bicomponent 
or biconstituent web, as well as a web containing one or more of the above-listed 
thermoplastic polymers. In the case of a bicomponent web, for instance, it is important only 
that the surface material include a hydrophobic polymer which can be modified in 
accordance with the present invention to render it hydrophilic. The composition of a second 
(inner) material, not exposed at the fiber surfaces, is immaterial for purposes of the invention 
and it^y be hydrcphiHc or :hvuropirobic. : Ihe ^enwoven wfc mvy have a basis weight of 
about 0.1-150 grams per square meter (gsm), preferably about 1-100 gsm, more preferably 
about 5-50 gsm. 

The fibrous nonwoven web or web-forming material is chemically reacted 
with a polar material. The polar material can include an anhydride or anhydride derivative 
(e.g., a carboxylic acid derivative) and can be a monomer, polymer, or compound. The 
reaction product is a hydrophobic polymer material having a polar functionality (herein 
called a polar-modified polymer). Preferably, the nonwoven web is reacted with maleic 
anhydride or one of its derivatives, such as maleic acid or fumaric acid. Other suitable polar 
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materials include without limitation various anhydrides and their derivatives, particularly 
those having an unsaturated carbon-carbon double bond: 

HOOCCH=CHCOOH 
The polar material is reacted with the hydrophobic polymer, either using heat 
or a catalyst (e.g., a peroxide catalyst), or a combination of heat and catalyst. When heat is 
employed, the reaction may take place at a temperature near or above the melting point of 
the hydrophobic polymer. For instance, the hydrophobic polymer and polar material may 
be blended together in a mixer, with the hydrophobic polymer in the molten state, to facilitate 
substantially homogeneous mixing and reaction between the polar material and hydrophobic 
polymer. When the hydrophobic polymer includes polypropylene, for instance, the reaction 
may occur in a mixer at a temperature of about 160-225°C, preferably 175-200°C, with or 
without a peroxide catalyst, whereby the polar material is graft polymerized onto the 
hydrophobic polymer. Alternatively, the chemical reaction may occur at a much lower 
temperature in a solvent, with the grafting reaction being aided by a peroxide catalyst. ^ 

Techniques for graft polymerizing a polar material, such as maleic anhydride _ 
or a dicarboxylic acid derivative, onto a hydrophobic polymer (e.g., a polyolefin) are well ., 
known in the art, and do not constitute part of this invention. As an alternative to , 
polymerizing the polar material with the hydrophobic polymer, a suitable polar-modified 
hydrophobic polymer may be purchased commercially. Commercially available polar- 
modified hydrophobic polymers include without limitation the following: ^ ^ 
'EX&LOR® 101:5, a maleated polypropylene available from fi _ . .. 
Exxon Chemical Co., having a melt flow rate (230°C) of 120 
grams/10 minutes and containing 0.4% by weight grafted 
maleic anhydride; 

POLYBOND® 3150, a maleated polypropylene available 
from Uniroyal Chemical Co., having a melt flow rate (230°C) 
of 50 grams/10 minutes and containing .0.7% by weight 
grafted maleic anhydride; and 

POLYBOND® 3200, a maleated polypropylene available 
from Uniroyal Chemical Co., having a melt flow rate (230°C) 
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of 110 grams/ 10 minutes and containing 1.0% by weight 
grafted maleic anhydride. 

The maleated polyolefin (or other polar-modified polymer) may itself be 
hydrophobic and not wettable to water, or borderline between hydrophobic and hydrophilic. 
The reaction with the polar material does not render the polymer backbone hydrophilic; 
rather, it provides a chemical linkage for the subsequent reaction with a hydrophilic material. 
Generally, the polar-modified polymer should contain about 0.1-3.0% by weight of the polar 
monomer, preferably about 0.4-1.0% by weight, more preferably about 0.6-0.8% by weight. 

Preferably, the polar material is grafted onto the hydrophobic polyolefin, 
resulting in a stereochemistry most favor~b?e for further reaction, Male?.ted polypropylene, 
for instance, has the following stereochemistry in which the functional anhydride group 
projects outward from the backbone chain: 

CH 3 CH 3 

I I 
-CH 2 -C-CH 2 -CH-CH 2 - 

I 

c-c 

/ \ 

o=c 00 

\ / 

o 

In accordance with the invention, the polar-modified hydrophobic polymer 
is reacted with a hydrophilic material, thereby increasing the hydrophilicity of the polymer 
to render it wetisbic to water.. The hydrophilic rwten?} can be a bvdrcphiiic inraemsr, 
polymer, compound, or blend containing one or more of these. Suitable hydrophilic 
materials include organic alcohols, dialcohols, tertiary alcohols, polymers containing them, 
and other hydrophilic materials having groups which react with the polar group (e.g., the 
anhydride moiety) on a polar-modified hydrophobic polymer. Presently preferred 
hydrophilic materials include polyglycols and polyoxides, including polyolefin glycols and 
oxides, such as polyethylene glycol, polyethylene oxide, polypropylene glycol, 
polypropylene oxide, and copolymers and mixtures thereof. Presently preferred polyglycols 
include those having monoamine and/or diamine linkages which further promote 
hydrophilicity. The JEFF AMINE® series of polyglycols, available from Huntsman Chemical 
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Co., includes monoamines and diamines of varying molecular weights. A typical 
JEFF AMINE® monoamine structure is as follows: 

CH 3 CH 3 

CH 3 0-(C 2 H40) a -(CH 2 CHO)-CH 2 CHNH 2 
wherein a and b are integers. 

Maleated polyolefins can be reacted with polyglycols in the presence of heat 
to form imides having increased hydrophilic properties: 

f H3 f 1 * 3 CH 3 CH 3 

- CH . 2 " ( j:: CH2 " CH ; CH2 " ,. ; . . +■ , CH,0-(C,H 4 0\-(CH 2 CHO) b -CH 2 CHNH 2 

C-C 

/ \ 

o=c c=o 

X 0 / . ' / 190°C. 

CH 3 CH 3 

-CH 2 -C-CH 2 -CH-CH 2 
I 

C-C 

/ \ 

o=c c=o 

\ / 

N 



CH 3 CH 3 

.1., I 



CH 3 0-(C 2 H 4 0) a -(CH 2 CHO) b -CH 2 CH l'^' 

The reaction between a polar-modified hydrophobic polymer and a 
hydrophilic material can be accomplished by melt blending the ingredients together, with or 
without a peroxide catalyst to form a hydrophilic polymer reaction product. The reaction 
mixture should contain about 1-35% by weight of the hydrophilic material, preferably about 
4-25% by weight, more preferably about 8-20% by weight. The reaction preferably occurs 
with the polar-modified polymer in the molten state, in order to facilitate a substantially 
homogeneous dispersion. When maleated polypropylene is the polar-modified hydrophobic 
polymer, the reaction may occur at about 160-225°C, preferably about 175-200°C. 



9 



WO 00/12801 



PCT/US99/18030 



The hydrophilic polymer reaction product is a polymer having increased 
hydrophilicity compared to both the hydrophobic polymer and the polar-modified 
hydrophobic polymer (which have advancing water contact angles greater than about 80 and 
sometimes about 90 or greater). Generally, the hydrophilic polymer reaction product has an 
advancing water contact angle less than about 80, preferably less than about 70, more 
preferably less than about 60, and in some instances less than about 50. Lower water contact 
angles for a material indicate greater hydrophilicity, and a greater tendency for water to wet 
the material. 

It has also been discovered that, when polyglycols are used as the reactive 
hydrophilic material, higher molecular weight polyglycols cause a greater enhancement of 
hydrophilicity. When a polyglycol is used, its weight average molecular weight should be 
at least about 500, preferably at least about 1000, more preferably at least about 1500, and 
most preferably at least about 2000. Suitable JEFF AMINE® polyglycols, available from 
Huntsman Chemical Co., include those sold under the names M-600, M-1000, M-2005, ED- 
900 and ED-2003. These polyglycols differ in molecular weight and the number of amine 
groups per molecule. The JEFF AMINE® "M" series polyglycols are monoamines, while the 
"ED" series polyglycols are diamines. The numbers following the "M" and "ED" notations 
indicate weight average molecular weight. 

Once formed, the hydrophilic polymer reaction product can be converted into 
a fibrous nonwoven web using a conventional melt spinning process. The resulting 
nonwoven web it of a durable hydrophilic cb?rantfr meaning thai the liydrophilidty cannot ^ 
be washed away or otherwise easily removed. It is presently preferred to form the 
hydrophilic polymer reaction product, using the techniques described above, before forming 
the polymer into a nonwoven web. However, it is also contemplated that a nonwoven web 
may be formed before carrying out one or both reaction steps. 

For instance, a nonwoven web may be formed from a polar-modified 
hydrophobic polymer, such as maleated polypropylene, after which the web can be surface- 
reacted with a hydrophilic material using a peroxide catalyst and a solution application. 
Similarly, a nonwoven web may initially be formed of a hydrophobic polymer, after which 
the web is surface-grafted with a polar monomer using catalyst and a solution application, 
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and then further reacted with a hydrophilic material. Other techniques for forming a 
hydrophilic nonwoven web by reacting a hydrophobic polymer, a polar material, and a 
hydrophilic material are also considered to be within the scope of the invention. For 
instance, a polar-modified polymer such as maleated polypropylene or polyethylene can be 
blended with a hydrophilic material such as polyethylene glycol or amine-terminated 
polyethylene oxide. The blend can then be spun into a nonwoven web, with the spinning 
conditions being controlled to assure a sufficient level of reaction between the hydrophilic 
material and the polar modified hydrophobic polymer, especially at the fiber surfaces. 

In another embodiment, the hydrophilic polymer reaction product can be 
blended with a quantity of unmodified hydrophobic polymer (for example, an unmodified 
polyolefin such as polypropylene or polyethylene) to produce a blend having improved 
(blended) hydrophilic properties. The blend can then be spun into a nonwoven web. The 
blend composition may contain anywhere from about 2-100% of the hydrophilic polymer 
reaction product, depending on the level of hydrophilicity needed. 
FYAMPTES 1-74 

In the following examples, several maleated polyolefins were chemically 
reacted with polyolefin glycol materials using a Haake Rheocord 9000 batch mixer as the 
reaction chamber. The mixer was outfitted with twin blades and electric heating. For each 
example, a mixture of the maleated polyolefin and polyolefin glycol totaling 50 grams was 

placed in the batch mixer. 

• . ■ -."'-.r/ -ri ^THe maleated polyple^n was, added to ,ths mixer in the form of peUete^the 

polyglycols were in liquid form, a syringe was used to add them. If the polyglycols were 
solid, they were added along with the maleated polyolefin. The batch mixer was set at 
190°C, and the reaction was allowed to proceed for 10 minutes to form a hydrophilic 
polymer reaction product. After 10 minutes, samples of reaction product were collected from 
the batch mixer for analysis. 

From the samples, films were pressed. Two separate films were pressed from 
each sample. Mylar sheets were used to prevent the resin blend from sticking to the film 
press. The film press was set at 190°C and 10000 psi fori minute. Then, water contact 
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angle measurements of those films were performed with a NRL Contact Angle Goniometer, 
Model 100-00, available from Rame-Hart, Inc. 

The NRL Contact Angle Goniometer is a small, optical-bench type device 
incorporating an internal protractor-readout calibrated in 1 -degree increments. Its low-power 
microscope produces a sharply-defined image of the water drop specimen, which is observed 
as a silhouette. A specimen supporting stage permits the specimen to be easily aligned with 
the two independently-rotatable crosshairs within the microscope and is calibrated on both 
horizontal and vertical axes in 0.02mm divisions. The variable intensity illuminator can be 
adjusted to allow for optimal illumination to be achieved. For these examples, a video 
camera was used to capture the image for display on a 14-inch monitor, allowing easy 
reading. 

Three drops of water were placed onto each film sample, and the contact 
angles on both sides of the water droplets were recorded. These values were then averaged 
to give an average unwashed film contact angle. After measuring the contact angles, the 
films were washed off thoroughly with distilled water, and contact angles were measured 
again by the same method. This presumably washes away any excess residues or unreacted 
polyglycols on the surface of the resin that might affect the contact angle measurement. 

Following is a list of the maleated polyolefins and polyglycols used for these 
experiments, as well as other ingredients. 

Maleated Polyolefins 

• '■•;!-— EXYFJ.Oiv 5J 10I5y described previously, polypropylene with 0.4% 
by weight maleic anhydride. 

2. POLYBOND® 3150, described previously, polypropylene with 0.7% 
by weight maleic anhydride. 

3. POLYBOND® 3200, described previously, polypropylene with 1 .0% 
by weight maleic anhydride. 

4. POLYBOND® 3009, a maleated polyethylene available from 
Uniroyal, having a melt flow rate (190°C) of 5 grams/10 min. and 
containing 1 .0% by weight grafted maleic anhydride. 

5. POLYBOND® 3002, a maleated polypropylene available from 
Uniroyal, having a melt flow rate (230°C) of 7 grams/10 min. and 
containing 0.2% by weight grafted maleic anhydride. 

6. DOW S- 1 775, a maleated polyethylene available from Dow Chemical 
Co. containing 1.2% by weight maleic anhydride. 
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7. MP 660, a maleated polypropylene available from Aristech Chemical 
Co. containing 0.4% by weight maleic anhydride. 

Polyglycpls 

1 . JEFF AMINE® M-600, described previously, a monoamine polyglycol 
having a molecular weight of 600. 

2. JEFF AMINE® M-1000, described previously, a monoamine 
polyglycol having a molecular weight of 1000. 

3. JEFF AMINE® M-2005, described previously, a monoamine 
polyglycol having a molecular weight of 2005. 

4. JEFF AMINE® ED-900, described previously, a diamine polyglycol 
having a molecular weight of 900. 

5 . JEFF AMINE® ED-2003, described previously, a diamine polyglycol 
having a molecular weight of 2003. . . • 

6. Polyethylene glycol, having a molecular weight of 2000, available 
from Aldrich Chemical Co. 

7. Polyethylene glycol, having a molecular weight of 900, available 
from Aldrich Chemical Co. 



Other Ingredients * 

1. EXXON 3445, a polypropylene homopolymer (not maleated or 
otherwise modified), used in some of the control Examples. - * . 

2. MasilSF-19, an ethoxylated ditriloxane internal surfactant available 
from PPG Industries, used in some of the control Examples. 

3. PEG 400 MO, a distearate internal surfactant available from PPG 
Industries, used in some of the control Examples. 

4. Titanium propoxide, an esterification catalyst available from Aldrich 
Chemical Co. which can be used to aid the reaction between a polar 

. 1 > j* , mm x u. • , : . * ^ functional, pplyolefir. and a hydrophilic modifier. . ^ . 



The maleated polyolefins were reacted with varying amounts of the different 
polyglycols. The following Table 1 summarizes the water contact angles obtained for each 
Example. 

Table 1 : Contact Angle Measurements (Degrees) 



Example 



|1 EXXELOR 1015 

4% JEFF AMINE M-1000 



EXXELOR 1015 

8% JEFFAMINE M-1000 



UNWASHED 
WASHED 



UNWASHED 
WASHED 



Sample 1 



60 60 59 59 65 67 
79 81 78 75 74 72 



65 66 75 75 72 75 
83 83 77 78 75 75 



Sample 2 



62 60 57 58 65 67 
73 77 72 75 73 75 



70 67 63 57 72 72 
74 72 81 78 72 71 



Average 



61.6 
75.3 



69.1 
76.6 
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Example 




Samnle 1 


oampie z 


Average 


3 EXXELOR 1015 

16% JEFF AMINE M-1000 


UNWASHED 
WASHED 


63 63 57 54 55 54 
73 67 73 70 70 61 


48 49 42 43 44 46 

67 65 60 65 A7 Al 
O / O J OU OO 01 OJ 


51.5 
66.9 


4 EXXELOR 1015 
! 4% JEFFAMINE M-2005 


UNWASHED 
WASHED 


64 63 62 60 61 60 
80 8? 75 76 78 78 


71 74 64 64 63 65 

Aft (\A 1(\ 77 1A ~7C 

Oo 04 10 11 /4 10 


64.3 

n a -* 

74.3 


5 EXXELOR 1015 

8% JEFFAMINE M-2005 


UNWASHED 
WASHED 


56 55 52 53 53 53 
68 66 65 64 67 67 

vt> W UJ ut o / u / 


42 40 40 41 37 41 

71 71 70 A A AO iCO 
/I IO 00 Oo Oo 


46.9 

£,n o 

67.8 


6 EXXELOR 1015 

16% JEFFAMINE M-2005 


UNWASHED 
WASHED 


42 44 42 44 44 45 
57 54 57 56 51 SI 

-* ' ^ t J/ ^ VJ jj Jl 


45 45 42 43 41 41 

65 50 54 57 50 57 
Oj jy Oh jj jy 0/ 


43.2 

SA. 1 

j6.3 


7 EXXELOR 1015 

4% JEFFAMINE M-600 


UNWASHED 
WASHED 

VY flUl V 1 il./ 


40 40 41 42 40 39 

75 71 76 75 71 Aft 
/J /J /O IO IO Do 


53 57 62 65 54 58 

7ft ft 1 7 ft 7C 77 no 
Io Ol IO / O // /o 


49.3 
75.8 


8 EXXELOR 1015 

1 - . _ -• • ' J- ... It.'." 'JvU 


UNWASHED 


46 45 50 54 47 54 

76 75 74 11 7A IS 

io io m il io io 


57 54 54 54 55 58 

7C 70 OA OA n c <"? 4 

/J /o oU-8C 7.? 7* 


52.3 

•76,1 


9 EXXELOR 1015 

1 6% JEFFAMINE M-600 


UNWASHED 

VY AO! lSZjLJ 


57 58 57 58 62 60 

75 7ft 74 IS IS 71 
/o m 10 Io 11 


45 40 43 42 41 40 

77 1A ns nn no nc\ 

Il /4 75 77 78 79 


50.3 
75.7 


10 POLYBOND3009 

5% JEFFAMINE M-2005 


UNWASHED 
WASHFD 


67 68 74 72 68 73 

68 69 64 60 61 50 
oo oz oh oz oj jy 


75 74 67 72 64 67 

A1 Aft A/I £LA £.C £L"% 

OO Oo 04 04 Oj 6z 


70.1 
63.7 


11 POLYBOND3009 

10% JEFFAMINE M-2005 


UNWASHED 
WASHED 


75 74 65 64 65 66 

67 68 67 68 67 Aft 
O/ OO O/ oo o/ oo 


53 55 54 53 52 53 

7^ ni 77 "71 nc\ iCA 
/j /j /z /l by oy 


60.8 
69.5 


12 POLYBOND3200 

4% JEFFAMINE M-1000 


UNWASHED 

VY rtOIlEL/ 


66 62 62 62 62 64 

66 AA A5 AA AA AA 
OO OO OJ DO OO OO 


60 62 62 65 60 65 
oo oi oo oo 62 63 


62.7 
64.8 


13 POLYBOND3200 

8% JEFFAMINE M- 1 000 


UNWASHED 

VY r\ jncu 


52 54 56 53 55 53 

67 AA A5 f*A A/t ai 
O/ OO 00 OH 04 Oz 


52 53 54 54 56 54 

<CO HA £.£L £.0 

oz o4 66 68 67 71 


53.8 
65.5 


14 POLYBOND3200 

16% JEFFAMINE M-1000 


UNWASHED 
WASHED 


45 44 47 43 44 43 
63 64 61 61 61 69 

\JJ \J*t uJ Uj UJ OZ 


45 42 41 40 42 42 

65 A9 A1 SO A7 
OJ OZ oi jy OL 0U 


43.2 

cn *■» 

62.3 


15 POLYBOND3200 

4% JEFFAMINE M-2005: 

.. ■> 


UNWASHED 
WASHED 


60 60 60 64 60 58 
60 7 1 ■ 74 74 AO 77 

■™. 'i /.'+ /H.-0> iZ 


55 55 55 53 56 55 

AO 7i /C/C nf\ fin zlq 
Oy , .\ OO l\) 0/ Oo 


57.6 
'70.0 


16 POLYBOND3200 

8% JEFFAMINE M-2005 


UNWASHED 
WASHED 


58 57 60 56 61 61 

67 64 61 64 61 61 

O / Of 0 1 OH Oj 0 1 


60 60 59 60 59 61 

AO 50 A1 SQ /ZS HQ. 

ou jy oi jy 6j 6j 


59.3 
62 .4 


17 POLYBOND3200 

16% JEFFAMINE M-2005 


UNWASHED 
WASHFD 


62 62 60 59 59 60 

74 71 79 79 71 AO 
/H II 1 j, i z /l oy 


60 56 55 54 53 52 

7H 77 £.n £.1 

iv 11 ol oo 63 62 


57.7 
69.1 


18 POLYBOND3200 
4% JEFFAMINE M-600 


UNWASHED 
WASHED 


63 62 60 58 57 60 

79 71 71 70 71 70 

/x. /I II l\J II f\J 


65 69 68 65 64 66 

77 1A 77 7A 7A /CO 

/ / /4 11 l\J 10 oo 


63.1 
71.3 


19 POLYBOND3200 
8% JEFFAMINE M-600 


UNWASHED 
WASHED 


56 58 54 53 58 59 
73 73 72 71 71 70 


66 67 62 62 61 61 
72 71 75 76 72 74 


59.8 
72 5 


20 POLYBOND3200 

1 6% JEFFAMINE M-600 


UNWASHED 
WASHED 


60 60 57 59 60 61 
70 71 71 74 69 71 ' 


57 65 65 60 60 62 
70 75 71 71 75 75 


61.3 
71.9 


21 POLYBOND3200 

4% JEFFAMINE ED-2003 , 


UNWASHED 
WASHED 


55 53 65 67 65 67 . 
72 69 71 69 72 70 < 


57 59 64 67 64 65 
55 67 65 66 64 67 


62.3 
68.1 
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Sample 1 


Sample 2 { 


Average 


22 POLYBOND 3200 

| 8% JEFF AMINE ED-2003 


UNWASHED 
WASHED 


67 65 65 67 67 65 
70 71 71 73 72 70 


68 68 67 66 66 68 
70 69 71 69 72 74 


66.6 
71.0 


23 (NO RESULTS) 










24 POLYBOND 3200 

4% JEFFAMINE ED-900 


UNWASHED 
WASHED 


65 66 68 69 68 69 
70 71 75 74 70 74 


66 64 65 61 66 64 
75 77 75 73 70 70 


65.9 
72.8 


25 POLYBOND 3200 

8% JEFFAMINE ED-900 


UNWASHED 
WASHED 


53 50 52 49 44 47 
64 62 62 61 62 60 


60 61 54 57 58 54 
63 67 64 64 63 65 


53.3 
63.1 


26 POLYBOND 3200 

16% JEFFAMINE ED-900 


UNWASHED 
WASHED 


52 50 48 50 47 49 
63 60 59 62 63 65 


45 49 41 39 42 40 
52 50 53 51 55 51 


46.0 
57.0 


27 EXXELOR 1015 

4% JEFFAMINE ED-2003 


UNWASHED 
WASHED 


62 64 62 63 64 65 
72 69 71 69 72 70 


46 48 49 53 51 52 
60 63 63 64 63 63 


56.6 
66.6 


28 EXXELOR 1015 

8% JEFFAMINE ED-2003 


UNWASHED 
WASHED 


63 62 62 61.59 61 
68 65 64 65 67 66 


47 50 50 52 48 53 
63 64 62 63 63 62 


'55.7.. 
64.3 


29 EXXELOR 1015 . . 
16% JEFFAMINE ED-2003 


UNWASHED 
WASHED 


44 40 44 41 42 41 

60 57 61 56 50 52 


44 41 40 42 42 41 

53 55 54 58 58 58 


41.8 
56.0 


30 EXXELOR 1015 

4% JEFFAMINE ED-900 


UNWASHED 
WASHED 


64 65 66 65 65 67 
72 72 73 71 72 68 


62 63 62 59 62 60 
69 70 68 68 69 68 


63.3 
70.0 


31 EXXELOR 1015 

8% JEFFAMINE ED-900 


UNWASHED 
WASHED 


47 46 50 48 46 49 
65 62 62 60 61 60 


45 44 43 47 46 41 
63 61 61 59 61 59 


46.0 
61.2 


32 EXXELOR 1015 

1 6% JEFFAMINE ED-900 


UNWASHED 
WASHED 


63 64 64 68 62 66 
72 73 75 75 73 72 


43 45 42 41 39 42 
63 64 64 65 64 64 


53.3 
68.7 


33 POLYBOND 3009. 
5% JEFFAMINE M-600 


UNWASHED 
WASHED 


55 58 52 56 60 55 
63 63 63 64 64 63 


62 65 64 64 64 62 
71 72 68 64 66 66 


59.8 
65.6 


34 POLYBOND 3009 

10% JEFFAMINE M-600 


UNWASHED 
WASHED 


62 65 63 63 61 66 
65 67 69 70 64 65 


62 63 63 66 65 62 
67 65 63 62 65 61 


63.4 
65.3 


bs poly bond 3009 '! v. 

5% JEFFAMINE M-1000 


U^JW ASHED 
WASHED 


52 53 58 56 54 56 
60 65 58 56 : 62 59 


59 yi' 59 59 59' 6! 
62 59*65 67 65 61 


56.9 
61.6 


36 POLYBOND 3009 

10% JEFFAMINE M-1000 


UNWASHED 
WASHED 


57 57 57 55 57 58 
65 63 60 63 65 62 


56 54 54 52 54 49 
63 60 60 57 62 59 


55.0 
61.6 


37 POLYBOND 3150 

4% JEFFAMINE M-1000 


UNWASHED 
WASHED 


42 44 43 41 44 43 
60 60 64 65 60 62 


44 44 40 42 47 48 
62 60 63 61 61 61 


43.5 
61.6 


38 POLYBOND 3150 

8% JEFFAMINE M-l 000 


UNWASHED 
WASHED 


63 60 56 54 54 54 
63 64 60 59 62 62 


50 49 53 51 50 48 
62 63 58 57 62 59 


53.5 
60.9 


39 POLYBOND 3150 

1 6% JEFFAMINE M- 1 000 


UNWASHED 
WASHED 


51 54 56 57 56 54 
71 65 70 66 67 66 


54 51 55 54 53 51 
74 70 73 71 66 70 


53.8 
69.1 


40 POLYBOND 3150 

4% JEFFAMINE M-2005 


UNWASHED 
WASHED 


49 51 48 46 52 48 
65 63 62 60 57 60 


58 55 50 47 49 46 
61 62 61 60 60 60 


49.9 
60.9 
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Example 




Sample 1 Sample 2 


Average 


41 POLYBOND3150 

8% JEFFAMINE M-2005 


UNWASHED 
WASHFD 


49 50 53 51 52 51 
57 56 56 58 55 St 


42 45 43 41 48 44 
i 54 52 58 53 55 52 


\ 47.4 
55.2 


42 POLYBOND3150 

16% JEFFAMINF M-700S 


UNWASHED 


42 43 42 38 46 43 
58 56 55 54 51 48 


43 40 46 44 49 4% 
63 61 61 60 59 62 


43.7 
57.3 


43 POLYBOND3150 

4% JEFFAMTNF M-fiflf) 

■ /O J AjA A ■/T.lVAAl^l A^ 1V1"UUU 


UNWASHED 


65 65 66 64 65 68 
70 69 76 75 76 78 


73 71 66 65 64 66 
75 75 78 76 77 76 


66.5 
75.1 


44 POLYBOND3150 

8% JEFFAMINF M-fiOO 


UNWASHED 


65 62 64 63 63 61 
67 65 69 68 73 71 


60 63 63 60 64 62 
72 73 66 64 69 69 


62.5 
68.8 


45 POLYBOND3150 

16% JEFFAMTNF M-fiftft 

XV /U »» 4— /A A i^iVAAl>Ai lVl-UUu 


UNWASHED 

WA QT-TFFl 
W AoflH.LJ 


54 53 57 59 60 59 
75 73 73 74 72 74 


48 46 50 46 51 47 
72 72 69 73 75 73 


52,5 
72.9 


46 POLYBOND3150 

4% JFFFAMTNF FTj_9flnv 


UNWASHED 


66 65 67 64 62 63 

68 54 64 63 *5 63 


67 66 66 69 67 68 

66 66 67 .63 66 64 


65.8 

64 9 


47 POLYBOND3150 
8% JFFFAMTNF Pn 


UNWASHED 

x\j a oucn 
WAMicJJ 


58 57 60 58 57 58 
64 65 62 63 63 64 


59 58 60 58 57 56 
64 62 63 63 64 64 


58.0 
63.4 


48 POLYBOND3150 

16% JEFFAMINF FD-^nftt 


UNWASHED 
WAoixcLJ 


42 40 45 42 42 42 


47 45 46 46 43 43 


43.6 


49 POLYBOND3150 

4% JEFFAMINF FD-QOn 


UNWASHED 


54 52 52 50 49 51 
59 58 57 59 59 58 


49 48 52 50 48 50 
59 58 60 60 59 57 


50.4 
58.6 


50 POLYBOND3150 

8% JEFFAMTNF FH-QOft 


UNWASHED 
w a Qtrpn 


48 49 46 48 47 47 
56 54 55 55 54 54 


50 49 48 45 45 46 
56 58 59 59 55 56 


47.3 
55.9 


51 POLYBOND3150 

16% JFFFAMTNF Fn Qftfi 


UNWASHED 

WA QUT?r\ 


26 26 29 28 27 27 
55 55 56 54 54 54 


60 63 63 60 61 62 
67 67 64 65 64 66 


44.3 
60.1 


52 POLYBOND3150 

12% JFFFAMTNF M ICiClS 

+ £*'V JA^A A TAlVAAiNAJ 1VI-ZUUJ 


UNWASHED 

wa Qircn 
vv AorliiiJ 


37 37 36 38 35 39 
50 52 50 48 49 50 


39 40 38 39 38 38 
51 49 52 50 52 50 


37.8 
50.3 


53 POLYBOND3150 

20%) TEFFAMTNF Mi^^OS 

* ■ — w /u • ±j\ I ^VlVAAi>( A7> IVl-^vUJ 


UNWASHED 


45 47-48 49.45 45 


44 43 40 41 *2 40 


>':4. 3 j 


54 POLYBOND3150 

24% JEFFAMINE M-2005 


UNWASHED 
WASHED 


42 43 43 42 41 43 


40 42 43 42 42 43 


42.2 


55 PP3445 
2%SF-19 


UNWASHED 
WASHED 


R7 Q(\ 8ft ftft C< C7 
0/ y\j 00 00 oD 0/ 


DC OO OO 00 Ci r «i r\ 

85 88 88 88 86 89 


87.4 


56 PP3445 
2% SF-19 

2% EXXELOR 1015 


UNWASHED 
WASHED 


90 89 92 89 90 88 


87 88 87 87 88 89 


88.7 


57 PP3445 
2% SF-19 

2%POLYBOND3150 


UNWASHED • 
WASHED ! 


30 90 88 89 89 92 ! 


n 91 91 89 91 90 


90.2 


58 PP3445 1 
2% PEG400 MO 


UNWASHED < 
WASHED ! 


S4 66 67 65 62 60 ( 
M 91 92 92 93 92 I 


50 58 62 60 58 60 
19 91 93 91 92 90 


61.8 
91.7 
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Sample 1 


Sample 2 


Average 


59 PP3445 

2% PEG400 MO 
2%EXXELOR1015 


UNWASHED 
WASHED 


54 53 55 52 52 55 

oo oi on qo on 
yJL yZ yi y\) 


48 50 49 51 48 50 
on on on o? 09 oi 

y\j y\j y\j y^ yL yi 


51.4 
91 0 

71.V 


60 PP3445 

2% PEG400 MO 
2%POLYBOND3150 


t Txnt 7 a purr\ 

UNWASHED 
WASHED 


<o CA 51 AS AQ 
jZ j\) jZ Dl 4o ny 

90 88 90 89 90 88 


57 55 54 5^ 55 5^ 

90 90 94 92 91 91 


55 4 
jilt 

90.3 


61 EXXELOR 1015 

20 % JEFF AMINE M-2005 


UNWASHED 
WASHED 


54 54 53 55 51 55 


52 52 54 54 53 53 


53.3 


62 EXXELOR 1015 

24% JEFF AMINE M-2005 


UNWASHED 
WASHED 


50 51 50 51 49 51 


49 50 50 48 51 49 


49.9 


63 EXXELOR 1015 

20% JEFF AMINE ED-2003 


UNWASHED 
WASHED 


52 52 50 50 51 50 


47 49 48 48 47 48 


49.3 


64 EXXELOR 1015 

24% JEFFAMINE ED-2003 


UNWASHED 
WASHED 




47 47 48 47 47 47 




50 50 50 50 50 49 


48.5 


65 POLYBOND3200 

20% JEFFAMINE ED-900 


UNWASHED 
WASHED 


42 40 40 42 43 44 
57 56 55 55 58 55 


42 41 43 43 42 41 
62 63 62 62 62 63 


41.9 
59.2 


66 POLYBOND3200 

24% JEFFAMINE ED-900 


UNWASHED 
WASHED 


40 40 42 43 43 42 
58 57 58 60 58 59 


42 43 44 43 43 42 
63 63 62 61 62 63 


42.3 
60.3 


67 POLYBOND3150 

4% JEFFAMINE M-2005 


UNWASHED 
WASHED 


43 43 48 47 45 45 
60 55 54 55 52 53 


47 52 48 52 48 52 
60 58 60 57 58 58 


47.5 
56.7 


68 POLYBOND3150 

8% JEFFAMINE M-2005 


UNWASHED 
WASHED 


40 44 42 44 42 43 
54 50 55 55 53 50 


40 44 44 45 44 40 

54 52 55 52 54 50 


42.7 
52.8 


69 POLYBOND3150 

16% JEFFAMINE M-2005 


UNWASHED 
WASHED 


30 35 33 35 33 31 
53 53 53 53 55 51 


40 40 40 41 40 41 
55 55 58 54 54 56 


36.6 
54.2 


70 POLYBOND3150 

: 12% JEFFAMINE -M-2005 


UNWASHED 

WASHED 

i j 


43 43 42 45 43 44 

55 51-. 56^ 50*53. 53, 


41 41 45 44 43 43 

53. 53. 55 55 ,54 53 


43.1 

534 


71 POLYBOND3150 

4% JEFFAMINE ED-900 


UNWASHED 
WASHED 


65 63 66 62 63 64 
67 63 65 65 68 67 


58 56 58 56 62 62 
65 60 64 60 62 63 


61.3 
64.1 


72 POLYBOND3150 

8% JEFFAMINE ED-900 


UNWASHED 
WASHED 


52 50 51 51 51 50 
62 57 62 57 61 56 


56 54 54 53 56 52 
62 58 62 59 62 61 


52.5 
59.9 


73 POL YBOND 3002 

4% JEFFAMINE M-2000 


UNWASHED 
WASHED 


47 48 45 50 47 46 
57 56 54 54 57 56 


47 50 48 48 49 49 
56 58 55 55 54 55 


47.8 
55.6 


74 POLYBOND3002 

8% JEFFAMINE M-2000 


UNWASHED 
WASHED 


47 45 43 41 46 43 
52 51 55 53 53 52 


42 40 46 48 48 44 
53 52 54 53 54 54 


44.4 
53.0 



The results of Examples 1-74 are compared in various ways by graphing 
(Figs. 1-8). Figs. 1 and 2 illustrate the effects of different maleic anhydride levels in 
polypropylene and different polyglycol levels for a JEFFAMINE® polyglycol, M-2005, after 
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washing. For all three levels of maleic anhydride (0.4%, 0.7% and 1.0%), higher levels of 
polyglycol (20% and 24% by weight) resulted in lower contact angles. In general, the 
polypropylene with 0.7% by weight maleic anhydride resulted in better hydrophilicity (lower 
contact angles) than the polypropylenes with 0.4% and 1.0% by weight maleic anhydride. 

Fig. 3 illustrates the effects of using polyglycols of different molecular weight 
and different percentage levels, for maleated polypropylene containing 0.4% by weight 
maleic anhydride. The contact angles were lowered (indicating better hydrophilicity) as 1) 
the molecular weight of polyglycol was raised, and 2) the amount of polyglycol was 
increased. 

Fig. 4 illustrates the effects of using the lowest molecular weight polyglycol 
(M-600) in different amounts, with two levels of anhydride-grafted polypropylene (0.4% and 
1.0% by weight). Better contact angles were achieved with the higher level of anhydride 
modification. Yet there was little change in contact angles as the polyglycol levels were 
varied between 4% and 16% by weight. 

Fig. 5 illustrates the effect of washing on samples made using all three of the 
JEFF AMINE "M"-series polyglycols, at three levels of polyglycol, and polypropylene 
grafted with 0.7% by weight maleic anhydride. The washing caused the contact angles to 
increase, but not enough to render the samples hydrophobic. The washing may have removed 
unreacted monomer and impurities, but did not remove the chemically imposed 
hydrophilicity resulting from the chemical reaction between the maleated polypropylene and 
the hydrophilic materials. • .... .. 

Fig. 6 illustrates that contact angles on reaction products from different trials 
are quite reproducible for different samples prepared the same way, using the same 
ingredients. 

Fig. 7 illustrates the effect of reacting different levels of monoamine 
polyglycol, with molecular weight of 2005, with maleated polypropylene containing 0.7% 
by weight maleic anhydride. In general, the contact angles decreased as the polyglycol level 
was raised. However, Fig. 8 illustrates that the contact angle is roughly independent of 
polyglycol level when a diamine polyglycol having a molecular weight of 900 is used. 
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EXAMPLE 75 

A maleated polyethylene, manufactured by Dow Chemical Co. under the 
name S-1775, purportedly having a 1.2 wt% maleic anhydride content was mixed with 5 
* wt% of poly(ethylene glycol), molecular weight 2,000, in the above mentioned mixer at 190 
degrees C for 10 min. The contact angle of the pressed films from this compound was 
measured as 48 degrees before washing, and 59 degrees after washing the film with ample 
water and drying. The original S-1775 resin had a contact angle of 84 degrees. 
EXAMPLE 76 

A maleated polypropylene, manufactured by Exxon Chemical Co. under the 
name of Exxelor 1015, having a claimed 0.4 wt% of maleic anhydride content was mixed 
with 4 wt% of poly(ethylene glycol), molecular weight 2,000, in the above mentioned mixer 
at 200 degrees C for 10 min. The contact angle of the pressed films from this compound was 
measured as 51 degrees before washing, and 69 degrees after washing the film with ample 
water and drying. 
EXAMPLE 77 

A maleated polypropylene, manufactured by Aristech Chemical Co. under the 
name of MP660, having a claimed 0.4 wt% of maleic anhydride content was mixed with 4 
wt% of polyethylene glycol), molecular weight 900, together with 0.2 wt.% of esterification 
catalyst titanium propoxide obtained from Aldrich Chemical Co., in the above mentioned 
mixer at 200 degrees C for 10 min. The contact angle of the pressed films from this 
comoound was measured as 38 decrees before washing, ?rA 56 degrees *fter washing the r 
film with ample water and drying. 
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EXAMPLES 78-01 

Using the techniques of Examples 75-77, fourteen additional compositions 



were prepared and tested. The results are summarized in Table 2 below. 
Table 2: Contact Angles (Degrees) 



Example 


Maleated 
Polymer 


Maleated Polymer 
Brand 


Hydrophilic Material 


Molecular 
Weight 


Weight 
Percent 


Other 
Additives 


Contact Angle 


Before Wasr 


After Wash 


78 


Polyethylene 


Dow S-177^ 










84 


N.A. 


79 


Polyethylene 


Dnw S-T 775 


Polyethylene glycol 


2000 


5 




48 


59 


80 


polyethylene 


Dnw <I-177* 

L/UW O 1 1 1 J 


Polyethylene glycol 


2000 


10 


_ * — 


53 


N.A. 


81 


Polypropylene 


ArktPrh 

/tli isivL-ii iviruuu 










79 


N.A. 


82 


Polvoroovlene 


Arictwh MP^Afi 
/\naiccn lviroou 

Aristech MP660 


Polyethylene glycol 


900 


2 




43 


60 


83 


polypropylene 


Polyethylene glycol 


900 


4 




49 


63 


84 


3 olypropylene 


Aristech MP660 


Polyethylene glycol 


900 


6 




51 


70 


85 


Polypropylene 


Aristech MP660 


Polyethylene glycol 


900 


4 


Ti Catalyst 


38 


56 


86 


Polypropylene 


Aristech MP660 


Polyethylene glycol 


300 


4 


Ti Catalyst 


64 


68 


87 


Polypropylene 


Aristech MP660 


Polyethylene glycol 


8000 


10 




48 


60 


88 


Polypropylene 


EXXELOR*1015 


Polyethylene glycol 


2000 


4 




51 


69 


89 


'olypropylene 


EXXELOR*1015 


Polyethylene glycol 


2000 


8 




59 


71 


90 


'olypropylene 


EXXELOR»1015 


JEFFAMINE *M-2000 


2000 


4 




51 


62 


91 


'olypropylene 


6XXELOR*1015 


JEFFAMINE ®M-2000 


2000 


8 




46 


56 



While the embodiments of the invention described herein are presently 
considered preferred, various modifications and improvements can be made without 
departing fern the spirit and s^ope of the invention. Tk? scope of the invention is indicated 
by the appended claims, and all changes that fall within the meaning and range of equivalents 
are intended to be embraced therein. 
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WE CLAIM: 

1 . A nonwoven web of fibers, comprising the reaction product of: 

a hydrophobic polymer material having a water contact angle of at least 80 
degrees, measured using ASTM D5946-96; 

a polar material chemically reacted with the hydrophobic polymer to form a 
modified polymer containing at least about 0.1% by weight of the polar material; and 

a hydrophilic material chemically reacted with the modified polymer to form 
a hydrophilic polymer reaction product having a lower water contact angle than the 
hydrophobic polymer. 

2. The nonwoven web of Claim 1, wherein the hydrophobic polymer 
comprises a material selected from the group consisting of polypropylene, polyethylene, 
.ethylene copolymers with C 3 -C 2 o a-olefins, propylene copolymers with ethylene or C 4 -C 20 
a-olefins, butene copolymers with ethylene, propylene, or C 5 -C 20 a-olefins, polyvinyl 
chloride, polyesters, polyfluorocarbons, hydrophobic polyurethane, polystyrene, acrylic 
resins, and combinations thereof. 

3. The nonwoven web of Claim 1, wherein the hydrophobic polymer 
comprises a polyolefin. 

\u.": r.i i.:c<y.is .-4;- >.jhe nonwoven web of Claim 3-, wherein, the- poiyo)e.(iri4Cotnpn> ? ^^. 
material selected from the group consisting of polyethylenes, polypropylenes, copolymers 
thereof, and blends thereof. 

5. The nonwoven web of Claim 4, wherein the polyolefin comprises a 

polypropylene. 

6. The nonwoven web of Claim 4, wherein the polyolefin comprises a 

polyethylene. 
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7. The nonwoven web of Claim 1 , wherein the polar material comprises 
a material selected from the group consisting of anhydrides, carboxylic acid derivatives 
thereof, and combinations of the foregoing. 

8. The nonwoven web of Claim 1 , wherein the polar material comprises 
a material selected from the group consisting of maleic anhydride, carboxylic acid 
derivatives thereof, and combinations of the foregoing. 

9. The nonwoven web of Claim 1, wherein the hydrophilic material 
comprises a material selected from the group consisting of polyglycols, polyoxides, and 
combinations thereof. 

10. The nonwoven web of Claim 9, wherein the hydrophilic material 
comprises a material selected from the group consisting of polyolefin glycols, polyolefin 
oxides, and combinations thereof. 

1 1 . The nonwoven web of Claim 1 0, wherein the hydrophilic material 
comprises a material selected from the group consisting of polyethylene glycol, polyethylene 
oxide, and combinations thereof. 

* '12. The iionw^ veh web of -Claims 0; wherein the hydrophilic rnatcrial 
comprises a material selected from the group consisting of polypropylene glycol, 
polypropylene oxide, and combinations thereof. 

13. The nonwoven web of Claim 10, wherein the hydrophilic material 
comprises a polyolefin glycol having an amine linkage. 

14. The nonwoven web of Claim 13, wherein the amine linkage comprises 

a monoamine. 
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15. The nonwoven web of Claim 13, wherein the amine linkage comprises 

a diamine. 

16. The nonwoven web of Claim 1, wherein the modified polymer 
comprises about 0. 1 -3 .0% by weight of the polar material. 

17. The nonwoven web of Claim 1, wherein the modified polymer 
comprises about 0.4-1 .0% by weight of the polar material. 

18. The nonwoven web of Claim 1, wherein the modified polymer 
comprises about 0.6-0.8% by weight of the polar material. 

19. The nonwoven web of Claim 1, wherein the hydrophilic material 
comprises about 1-35% by weight of the hydrophilic polymer reaction product having 
increased hydrophilic properties. 

20. The nonwoven web of Claim 19, wherein the hydrophilic material 
comprises about 4-25% by weight of the hydrophilic polymer reaction product. 

21. The nonwoven web of Claim 19, wherein the hydrophilic material 

' comprises : ab'6ut 8-20% by weight of the hydrophilic polymer reaction product. 

22. A nonwoven web of fibers, comprising the reaction product of: 

a hydrophobic polymer material having a water contact angle greater than 
about 80 degrees, measured using ASTM D5946-96; 

a polar material chemically reacted with the hydrophobic polymer to form a 
modified polymer containing at least about 0.1% by weight of the polar material; and 

a hydrophilic material chemically reacted with the modified polymer to form 
a hydrophilic polymer reaction product having a water contact angle less than about 80 
degrees. 
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23. The nonwoven web of Claim 22, wherein the hydrophobic polymer 
has an initial water contact angle of at least about 90 degrees. 

24. The nonwoven web of Claim 22, wherein the hydrophilic polymer 
reaction product has a water contact angle less than about 70 degrees. 

25. The nonwoven web of Claim 22, wherein the hydrophilic polymer 
reaction product has a water contact angle less than about 60 degrees. 

26. The nonwoven web of Claim 22, wherein the hydrophilic polymer 
reaction product has a water contact angle less than about 50 degrees. 

27. The nonwoven web of Claim 22, comprising a spunbond web. 

28. The nonwoven web of Claim 22, comprising a meltblown web. 

29. The nonwoven web of Claim 22, comprising a bonded carded web. 

30. A nonwoven web of fibers, comprising a maleated polyolefin material 
chemically reacted with a hydrophilic material to impart durable hydrophilic properties to 

the nonwoven web. 

31. The nonwoven web of Claim 30, wherein the maleated polyolefin 
comprises a polyolefin reacted with maleic anhydride. 

32. The nonwoven web of Claim 30, wherein the maleated polyolefin 
comprises an ethylene polymer. 

33. The nonwoven web of Claim 30, wherein the maleated polyolefin 
comprises a propylene polymer. 
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34. The nonwoven web of Claim 30, wherein the hydrophilic polymer 
comprises a polyglycol or polyoxide. 

35. The nonwoven web of Claim 30, wherein the hydrophilic polymer 
comprises a polyolefin glycol. 

36. The nonwoven web of Claim 35, wherein the polyolefin glycol 
includes at least one amine group. 

....... % 1 37. The nonwoven web of Claim 30, wherein the hydrophilic material has 

a weight average molecular weight of at least about 500. 

38. The nonwoven web of Claim 30, wherein the hydrophilic material has 
a weight average molecular weight of at least about 1000. 

39. The nonwoven web of Claim 30, wherein the hydrophilic material has 
a weight average molecular weight of at least about 1500. 

40. The nonwoven web of Claim 30, wherein the hydrophilic material has 
a weight average molecular weight of at least about 2000. 

41. An absorbent product comprising the nonwoven web 

of Claim 1. 

42. Apparel comprising the nonwoven web of Claim 1 . 

43. A diaper comprising the nonwoven web of Claim 1 . 

44. A tampon comprising the nonwoven web of Claim 1 . 
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A medical garment comprising the nonwoven web of Claim 1 . 

A surgical glove comprising the nonwoven web of Claim 1. 

A cap comprising the nonwoven web of Claim 1. 

An apron comprising the nonwoven web of Claim 1. 

A sterilization wrap comprising the nonwoven web of Claim 1 . 
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AMENDED CLAIMS 

[received by the International Bureau on 28 January 2000 (28.01 .00); 
original claims 1,22 and 30 amended; remaining claims unchanged (6 pages)] 

1 . A nonwoven web of fibers, the fibers formed from a polymer or 

polymer blend comprising a hydrophilic polymer reaction product which is the reaction 

product of: 

a hydrophobic polymer material having a water contact angle of at least 80 
degrees, measured using ASTM D5946-96; 

a polar material chemically reacted with the hydrophobic polymer to form a 
modified polymer containing at least about 0.1% by weight of the polar material; and 

a hydrophilic material blended and chemically reacted with the modified 
polymer to form the hydrophilic polymer reaction product having a lower water contact angle 
than the hydrophobic polymer both befoiC and after the hydrophilic polymer reaction product 
is washed with distilled water. 

2. The nonwoven web of Claim 1, wherein the hydrophobic polymer 
comprises a material selected from the group consisting of polypropylene, polyethylene, 
ethylene copolymers with C 3 -C 20 a-olefins, propylene copolymers with ethylene or C 4 -C 20 
oc-olefins, butene copolymers with ethylene, propylene, or C 5 -C 20 a-olefms, polyvinyl . 
chloride, polyesters, polyfluorocarbons, hydrophobic polyurethane, polystyrene, acrylic 
resins, and combinations thereof. 

3. The nonwoven web of Claim 1, wherein the hydrophobic polymer 

comprises a po!yo!efin ; 

4. The nonwoven web of Claim 3, wherein the polyolefin comprises a 
material selected from the group consisting of polyethylenes, polypropylenes, copolymers 
thereof, and blends thereof. 

5. The nonwoven web of Claim 4, wherein the polyolefin comprises a 

polypropylene. 

6. The nonwoven web of Claim 4, wherein the polyolefin comprises a 

polyethylene. 
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1\ The nonwoven web of Claim 1 , wherein the polar material comprises 
a material selected from the group consisting of anhydrides, carboxylic acid derivatives 
thereof, and combinations of the foregoing. 

8. The nonwoven web of Claim 1, wherein the polar material comprises 
a material selected from the group consisting of maleic anhydride, carboxylic acid 
derivatives thereof, and combinations of the foregoing. 

9. The nonwoven web of Claim 1, wherein the hydrophilic material 
comprises a material selected from the group consisting of polyglycols, polyoxides, and 
combinations thereof. 

10. The nonwoven web of Claim 9, wherein the hydrophilic material 
comprises a material selected from the group consisting of polyolefm glycols, polyolefin 
oxides, and combinations thereof. 

11. The nonwoven web of Claim 10, wherein the hydrophilic material 
comprises a material selected from the group consisting of polyethylene glycol, polyethylene 
oxide, and combinations thereof. 

12. The nonwoven web of Claim 10, wherein the hydrophilic material 

\ : ( comprises- <a material selected froni the group consisting, of* polypropylene give?], 
polypropylene oxide, and combinations thereof. 

13. The nonwoven web of Claim 10, wherein the hydrophilic material 
comprises a polyolefin glycol having an amine linkage. 

14. The nonwoven web of Claim 1 3, wherein the amine linkage comprises 

a monoamine. 

1 5 . The nonwoven web of Claim 1 3 , wherein the amine linkage comprises 

a diamine. 
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16. The nonwoven web of Claim 1, wherein the modified polymer 
comprises about 0.1-3.0% by weight of the polar material. 

17. The nonwoven web of Claim 1, wherein the modified polymer 
comprises about 0.4-1 .0% by weight of the polar material. 

18. The nonwoven web of Claim 1, wherein the modified polymer 
comprises about 0.6-0.8% by weight of the polar material. 

19. The nonwoven web of Claim 1, wherein the hydrophilic material 
comprises about 1-35% by weight of the hydrophilic polymer reaction product having 
increased hydrophilic properties. 

• 20. The nonwoven web of Claim 19, wherein the hydrophilic material 
comprises about 4-25% by weight of the hydrophilic polymer reaction product. 

21. The nonwoven web of Claim 19, wherein the hydrophilic material 
comprises about 8-20% by weight of the hydrophilic polymer reaction product. 

22. A nonwoven web of fibers, the fibers formed from a polymer or 
polymer blend comprising a hydrophilic polymer reaction product which is the reaction 

' piquet oi: v ' r '-" f,v: " " '". ■ • ■-. ';<;..- -, 

a hydrophobic polymer material having a water contact angle greater than" 

about 80 degrees, measured using ASTM D5946-96; 

a polar material chemically reacted with the hydrophobic polymer to form a 
modified polymer containing at least about 0.1% by weight of the polar material; and 

a hydrophilic material blended and chemically reacted with the modified 
polymer to form the hydrophilic polymer reaction product having a water contact angle less 
than about 80 degrees both before and after the hydrophilic polymer reaction product is 
washed with distilled water. 
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23. The nonwoven web of Claim 22, wherein the hydrophobic polymer 
has an initial water contact angle of at least about 90 degrees. 

24. The nonwoven web of Claim 22, wherein the hydrophilic polymer 
reaction product has a water contact angle less than about 70 degrees. 

25. The nonwoven web of Claim 22, wherein the hydrophilic polymer 
reaction product has a water contact angle less than about 60 degrees. 

26. The nonwoven web of Claim 22, wherein the hydrophilic polymer 
reaction product has a water contact angle less than about 50 degrees. 

27. The nonwoven web of Claim 22, comprising a spunbond web. 

28. The nonwoven web of Claim 22, comprising a meltblown web. 

29. The nonwoven web of Claim 22, comprising a bonded carded web. 

30. A nonwoven web of fibers, the fibers formed from a polymer or 
polymer blend comprising a maleated polyolefin material blended and chemically reacted 
with a hydrophilic material to impart durable hydrophilic properties to the nonwoven web 

> that wltteiant' :Kiashin^-\vith distillsci waters "i •* • ■ r 

31. The nonwoven web of Claim 30, wherein the maleated polyolefin 
comprises a polyolefin reacted with maleic anhydride. 

32. The nonwoven web of Claim 30, wherein the maleated polyolefin 
comprises an ethylene polymer. 

33. The nonwoven web of Claim 30, wherein the maleated polyolefin 
comprises a propylene polymer. 
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34. The nonwoven web of Claim 30, wherein the hydrophilic polymer 
comprises a polyglycol or polyoxide. 

35. The nonwoven web of Claim 30, wherein the hydrophilic polymer 
comprises a polyolefin glycol. 

36. . The. nonwoven web of Claim 35, wherein the polyolefin glycol 
includes at least one amine group. 

37. The nonwoven web of Claim 30, wherein the hydrophilic material has 
a weight average molecular weight of at least about 500. 

• 38. The nonwoven web of Claim 30, wherein the hydrophilic material has 
a weight average molecular weight of at least about 1 000. 

39. The nonwoven web of Claim 30, wherein the hydrophilic material has 
a weight average molecular weight of at least about 1 500. 

40. The nonwoven web of Claim 30, wherein the hydrophilic material has 
a weight average molecular weight of at least about 2000. 



41. An absorbent product comprising.^ 

42. Apparel comprising the nonwoven web of Claim 1 . 

43. A diaper comprising the nonwoven web of Claim 1 . 

44. A tampon comprising the nonwoven web of Claim 1 . 

45. A medical garment comprising the nonwoven web of Claim 1 . 

46. A surgical glove comprising the nonwoven web of Claim 1 . 
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47. A cap comprising the nonwoven web of Claim 1. 

48. An apron comprising the nonwoven web of Claim 1 . 

49. A sterilization wrap comprising the nonwoven web of Claim 1 . 
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STATEMENT UNDER ARTICLE 19 

Claims 1, 22 and 30 have been replaced with amended Claims I. 22 and 30. 

Claims 2-21, 23-29 and 31-49 are unchanged in text, but changed in scope due to their 

dependence on amended Claims 1, 22 and 30. 

The amended Claims 1, 22 and 30 differ from the original claims by reciting 

that the fibers are f ormed from a polymer or polymer blend comprising the hydrophilic 
polymer reaction products. The amended claims further recite that the hydrophilic material 
is hjpnded anH chemically reacted with the modified polymer to form the hydrophilic 
polymer reaction product. The effect of these amendments is to clearly indicate that the 
fibers are formed after the chemical reaction has been completed. Finally, the amended 
claims require that the reaction product has hydrophilic properties that cannot be washed 
away with distilled water. 

Put another way, the Applicants' claims do not relate to prior an nonwoven 
webs which are formed using hydrophobic polymers, and men meiciy surface coated W;tj^' 
a hydrophilic material. Instead, the fibers are formed after the hydrophobic polymer has been 
rendered hydrophilic. One advantage of Applicant's nonwoven webs is that the fibers 
contain the hydrophilic polymer reaction product all the way through. Because of this, the 
hydrophilic polymer reaction product cannot be washed away from the nonwoven web. and 
the hydrophilic characteristics are more durable. Prior art nonwoven webs which are merely 
surface treated with hydrophilic materials have less durability, because the coatings can be 
more easily washed away. 
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The amended Claims 1. 22 and 30 clearly distinguish the invention from the 
prior art. Neither European Publication 0,1 14,379, nor European Publication 0.634,424, 
discloses a nonwoven web of fibers having hydrophilic properties that cannot be washed 
away with distilled water. Neither reference suggests a hydrophilic polymer reaction product 
having a lower water contact angle than the hydrophobic polymer hnth hefnre and after the 
reaction product is washed with distilled gaier , as recited in amended Claim 1. Similarly, 
neither reference suggests a water contact angle less than 80 degrees before anH after the 
hydrophilic polymer reaction product is washed, as recited in amended Claim 22, or 
hydrophilic properties that withstand washing as recited in amended Ciaim 30. As explained 
on page 12 of Applicant's specification, the washing test requires sufficiently thorough 
washing to remove any excess residues or unreacted polyglycols that might affect the water 
contact angle measurement. 

Applicant respectfully requests entry of a favorable International Preliminary 
Examination Report. 
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